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® SLM epoctrometftf. 

@ A SLM spectrometer ia provided that emptoya 
an entrance atit (40) or a odOmator (42) to 
provide paraSel raya of radiation to a prism (44) 
wttich disperses the Inddent radlatkm frrto an 
assoclaled wavelength spectrum. The resulting 
spedram from the prfsm (44) Is Inddent upon a 
spatial lloht modulator (SLM) (48), such as a 
defonnable mirror device (DMD). By seledfvaly 
activating (or deacttvatfr>g) a small portion of 
the suriiaca ofthe SLM. La. a oell on the SLM, ft 
Is posslbts to aetecUvety r^lect or transmit a 
portion of the spectrum Incident upon the SIM 
onto a focuaing device, such as a parabdio 
tocutfng mirror (48). The focusing device In 
turn focuses the portion of the spectrum relleo- 
ted by the eelectad oelfs on the SLM to a sensor 
(50). The wavelength selected is a ftmcdon of 
which row of ceOs are acttvated (or deadhmtsd) 
In the 8LM. The SLM apectrometer of the pre- 
aent invention may be used to analyze visible 
nght and light that Is near vtslUe, such as the 
near Inframd or uRravkilet regiona. The output 
of the sensor or detector may be appropriate 
amplified and after appropriate calibration em- 
ployed to determine the amount of energy In a 
particular waveter^th or band of wavelengths. 
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BACKGROUND OF THE INVENTION 

Thta Invention re(atB8 to spectrometere, and mora 
partlcularry. relatas to apadrometam ampjoytng a 
spatial (fght modutator <8LM), audi aa for axample a 
deformabta mtrrbrdavtca (DMD). 

Spectrometsra function using the prtndple of dfa- 
parelon of l^ht which occurs when rays of llflht are da- 
vlatad. lyplcany liy a dfffiraction Qrating or when re- 
fracted through a prism. Diffraction gratings behave 
optlcalty Oka a multlplfcit/ of very narrow individual 
silts which cause t^ht rays to be deviated at angles 
depending upon the wavelength of those rays. 
Prisms cause dispersion of light since the angle of de- 
viation of a light ray as It passes through a prism is a 
fiinctton of its wavelength; this wavelength depend- 
ent angular deviation b due to the feet that optical ma- 
terials exhibit dtffering Indices of reflractlon for differ- 
ing wavelengths. Spectrometer systems using a 
prism as a dispersing element have Inherent advan- 
tages over those using a diffraction gratlr^type dis- 
persion element since they are more efficient In 
terms of I^ht fransmlsslon and leaa troubled by any 
stray light AcoordlngI/, many existing designs of 
spectrometers employ prisno-type dispersion ele- 
ments. 

In exiattng apedrometars, l^ht transmtttad 
through a sift la dispersed using a diffrectlon grating 
or prism. The dispersed light Is t hen Imaged onto a de- 
tection focal plane, which typically contains an array 
of minute photosensitive elements. Most spectromet- 
ers Include a ooflfmator to make alt the light rays Inci- 
dent on the grating or prism parallel. Collbnation Is 
necessary to oontrol aberrations which result when 
non-conin)ated tight Is transmitted through the dis- 
persing element However, current spectrometers are 
relatively bulky instruments elnce the optical ray 
paths tend to be fairly long. In addition, current 
spectrometers requtra mechanfeat motion and rotate 
the dispersing element to scan wavelengths past the 
datectoTB. These mechanical motions cause vibra- 
tkMw and rasult In wear, which may cause alignment 
and/or calibration problems. 

These and other limitations and disadvantages of 
the prior art are overcome by the present Invention. 
An SLM spectrometer b pravkied for measuring the 
amount of energy aasodated wtth various wave- 
lengths In a spectrum. 

SUMMARY OF THE INVEhmON 

In a Inferred emtNidlment of the pfesant Inven- 
tion, an SLM spectrometer Is provided. Mora particu- 
larly, the spectrometar of the present Invention em- 
ploys an entrance eitt and/or a oolttmator to provide 
parallel rays of radiation to a prism, grating, or any 
other type of wavelength dispersing element which 
disperses the radiation IncMent thereon Into a spec- 


trum or wavelength of various orders. A apeofrwn ra- 
autting 1mm the prafoned prism (or other dispersing 
alentenQ Is made to be Inddent upon a ^)8tia] tight 
modutator ^LM), such aa a defor mable mirrar davfcse 
8 (DMD), a magneto-optic modulator, or a lk|utd crystal 
devtoe (LOO). By satectfvely acttvafing a small portion 
of the SLM. it Is possible to selectfvely reflect or trans- 
mit a portion of the spectrum Incident upon the SUM 
to a focusing devtoe, which Is prefierably a parabolki 

10 focusing mhtonothertypeaoffbcuslng devices, such 
as another type of minor, a tens or lens system may 
be employed. The tbcuslng device In turn focuses the 
portion of the spectrum reflected or transmitted by 
the activated portion of the SLM aurfsce to a sensor 

IS ordetedor. Alternatively, the foousing device mayfo- 
cus the portion of the spectrum reflected or transrrilt- 
ted by a deactivated portion of the SLM surface to a 
sensor or detector. Ateo. for eome entbodbnents. the 
SLM and focusing device may be combined Into one 

20 devtca. 

The SLM spectronteter of the present Invention 
may be used to analyze vislbte light and light that Is 
near visible, such aa the near tnfhmsd or ultravlolat re- 
gfons. The output of the sensor or detector may be ap- 

25 proprlatety ampltfiad and, after appropriate calibra- 
tion (using a known wavelength of known Intensity}, 
employed to determine the amount of energy in a par- 
ticular wavelength, or band of wavelengths. The par- 
ticular wavelength (or band of wavelengths) meas- 

90 ursd by the detector Is a function of the wavelengths 
bi the spectrum from the preferred prism dlsperslno 
element that are Incident upon the surface area "ao- 
tivated* (or -deacttvatedO In the SLM. In this manner, 
the SLM spectrometer of the present invention elim- 

45 tnates the overall mechanical motion required of con- 
ventional specbometers employing either rotating 
prisms or rotating gratings, te. those that nnust rotate 
the prism or grating to select the wavelength(s) 
measured by the detector. 

40 It is an object Of the present Invention to provide 
an SLM spectrometer. 

It Is an object of the present bwention to provide 
a spectrometer that does not require overall mechan- 
toal motion of the radiation dispersing elements once 

45 the dispersing elentents are fbced relative to the radi- 
ation paths. 

Accordingly, these and other ottjecta and advan- 
tages of the present Invention will become apparent 
fntn the fottowing detailed description, wherein refer- 
00 once Is made to the figures in the accompanying 
drawings. 

IN THE DRAWINGS 

55 Figure 1 deptets a functional block diagram of 
components of an SLM spectrometer of the present 
Inventioa 

Figure 2 depicts a general arrangement of com- 
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ponamaofanSlMapQclnmtrtwofthapreMminvMi- 

otflirt ol contporranft er an 8tAI tpMiDmatar cf th» 
pniMnitRvaaaan. a 

FI^ 4 €spSem a fittitM arraitoeinaiit of ths 
ctonqwrnnticC «o 6LM spMtramstBrof Iho pnsoTt 
tnvtntftin cmi^jed for t trananMvtt analyala of a 
sampfa. 

Ft9xra e dAplc<a a senerai ananoAment of tha io 
eomponanfB of an 8LU •poctrametar of Uta preasnt 
lHv«nHon amuiQed for a reflective onaVob oTa 9am- 
p(«. 

DETAIUED DESCRIPTION 

Rafbiilna now to Pl0iir» t, th«c« 01^ ba taan a 
abnpiinietdflffiofional Mode cfiaQram of co ropu iiB nte i of 
anmiA«p8c(nmatBr9ortl»pres»itbMantf^ 
partlntoty,ttiecamaybaseenaoQfiMorlOt^ 20 
mUtm cBcfiBQoft 12 to b« anatyzed ftrto a psaSel 
H totfoOa upon adlspanftio alamftntia Tha 
dbportttno aeBcnent 16 dlspma tha imtM 
14 into a <fiapano4 flneanafavdangttt wct^ 

onaCysta thatdoaa not overlap any othorordere. 
The h^hor tKo onftr, the nm dl^»read tlia apao- 
Irum bMttnaa. A apallBl noM nKMfti^ 
-po^onedtorocafvaatlaaatapartoofUiaaelaotatf 
omar of vravalenstti apedruni on Ita aottva turflBQa m 
21. AIthou{^ Oo^ofiod aa a iaftsctt»> ^ SLU, trn 
SIM ao imvbaa tranamtedraorraflaetivatypa ofda- 
viea. The SLM 30 oOfdBtna an array of caUaon Qa ao. 
ttvaaurr^caSI Umtmayba aefaehValyand MMd^ 
ty aettv^, and tho arnay mar bo Unaar or aoilal; 9$ 
thaaa cells on tfia ^ 20 may ba very aroaH. Tho 
8liif<^thepra«antlnvenammaylt«.fiorexaii^ 
not fim&ad to. a dotbrmabla mlrnir devtca PMD), a 
flc^ild orystaf davloo (jJDO), or a maanelDHiptto mod- 
u&tonandmayatnplayallneareraettalarrayofauah 49 
typaa oTdavteos^ 

TYia acfivatad m (oroeDa) of Hta SUM 20 trans- 
mil or n^ed 22 tfudt portion of ttie wavotangtli apoo* 
Irarn 10 Md»it Utereoa Altsrru^My, a dea^^ 
ea!I{orcaa8)ofttio8LM201ranitnRori«flecl22that 49 
portion or ttia waralangth apaotrum 18 tnddont 
meraon* Thb aeCectad porSbn cf wavetanstti 22 ia 
than fiDoiaed by « Ibotminff davteo 2( ortto a boaf 
p<toa2a Ad^ftdor » Is potSbmad otthafoeaf 1^ 
29 and laoehraa tl» aolaotsd ladEotfion aa Onoa 0 
al^ed fbrtltasa patba of tha radiafoi beams tfils 
" wpwer, tr»a«a oomponanta may ba (oakad mta these 

PKMtftjOnSt 

TTta s^ Itam tha doMor 2a moy bo appn- 
Pftatatramj^^fedbyanampDftarOOandpnovSdedaa « 
an output S2, or prafisrably pnrvlded as an Irtput to a 
preoeeaor ^tfhtdi may ba a mreroprooeaaoi) 34. TTtft 
pmcasssr 84 m turn ntay oonfird or aeleot wtiteh eeOft 


of tha 8UI m aotftfatad (Of daaotlvatod) and aeoQid- 
tffi»w yoomMnatft»aBlaotodw<w!angth«tththB 
datsctad algnat topnuddaan totand^vettuawsv^- 
laoi^ epadran aa an output 8St Tha procasaor pr^ 
fer^ oontaiha approprlata aoftmm to ttotfol ttto 
SLM ofld makft aahtflsd outputa. -nia preeatftor 92 
may alao oodatn eoftwam (tar artatyzbig andAr ad- 
^ttOnO the tlonalfl from the datftctor. 

Raflarrfrto ittMT toBgum 2; llmay basaan that one 
emttodlOiffiitoflhaaLMspaolrQmetaroftha pfoaant 
tnvenOonpnBfambtyamidqyaao anlraneodft40fb^ 
towed by an appiopriats ooOImatlon lana. or lens eya^ 
tsia 42to ensura tfaattha ray» of radlaOon to ba ana- 
^^tfiatsm passing throcqgh to tho dispel^ elo> 
mani 44 am oonvertad to paiaOd baama pilor to tnd- 
dma iipon ttia dbpttstng e{amsnt44. Afttiouah both 
a all 40 ami ooHknator 42 are d^»{Gtod In Flgura 2, 
atkherona may ba amfdoyad wOhout the other. 

tnaddSton^KmsybaaaenthatanSlM^Mctronw 
^r a of tita pfosent Gnvan&m praCvabfy employe a 
conwei(eBnat|alamaaIt8dItpatttnaalaim 
paisa tho bsldant panM tadlaSon beam tnto a dl»- 
panad, finaar wavalaigth tpactrum of virtoaa oiw 
dan, vftm wawteng m b datarmtnad l>y posIQon 
wfthtn the Otear nuiQa of the apaotrum outptd 
tho prtm to add»on, tha dlapm^ pom of tho 
pften may baeeleotod baaad upon the intendad use 
of tho spactramstv or the preaant bivamkm; Ktor« 
parftsdarty, whan hlghor msotuttoo la naaded, a 
piUm ofltlQher tndfcaa of fofSraeeon may ba amptoyed 
and ths ^nbclng betwsan the prism and GLM 48 In- 
OEeaaadtopimhtoaplq^lcaaylnoraaaadwavetength 
•pttfrun at the SUf 48k andftira hoarder may 
ba empJoyoA Also &e>vaal GLM^ may be appraxl- 
mately arranged and amployad as an "Oxtended* 
SUA fbr auch btcreasad iMnralaagth apae&ruma. 
Other c&q>eritno means 44 may be employed. 8U6h 
as fbr example, but not Qmltsd to a refflec&ui or trend- 
mJeoten araSng. Tha diaparead >Bfavelon9tfa apaotrum 
from the prttmtsmadotofbnupmasp^ light mMl* 
ulaiDr<SLM)^whlGhta prafsrablyadafOrmablannlP- 
njrd0v|oa(DMD}. 

A DM3 ntoy oonslat tf a nnaar or aarla! array of 
microroOmon that may ba aeleolMy aefivated to ro- 
tato to pmaetoctod anglasu a& PatonC No. 
84)81,040, tsauttd OGtabar20, 1001, and asa^gnod to 
l^xBft Instnonants tooorpocHtod desoribaa ttma aiQ- 
amplea of DMQX audi aa tha tonlon beam l>MO, 
and fai bteoipomtod herein by rafsmtoe. Qenarany, 
torslm beam OUD davteas may bavo a no applied 
vaaBsa,orfOBflnoalata.a pos^anoloordefFactTon 
(r«8t^ (torn Uta apfAcaaort of a posfilva vottage) 
arMi a nag^ anoitt ordeftodlQQ ^TBSuIltrio 4om the 
appUotlon of a iMoaSve voltas^ Ottiar OMDmlrmm 
may ba aoch that the adedad R^rror |w milrara) ooy 
ba poatttonad at a vaiteUa and pmadectad an^ 
based upon tho applte^ton ofa vartabte and prasa- 
looted vdlaoo to thambroL Other typea of 8LM 48 
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dovtoes may bo employed Instead of a OMD In the 
SIM epedrometer 6 of the present Invention. 

IhB SUA spedfometar of the present Invention 
may be used to analyze visible Itght and light that la 
nearvtslble, such as the near Infrared or uHravtolet re- 
gbna. The output of the sensor or detector may be ap- 
propriately ampltnsd and, after appropriate calibra- 
tion (using a known wavalength of Icnown Intensity), 
emptoyed to determine the amount of energy In a par- 
ticular wavetength, or band of wavelengtht. The par- 
tfcutar wavelength (or band of wavelengths) meas- 
ured by the detector Is a function of the wavelengths 
In the spectrum from the preferred prism dbpereing 
element that are biddent upon the surfece area *ao 
thrated* (or Meactfvatecn In the SLM. In this manner, 
the SLM spectrometer of the presettt Invention eltm- 
Inataa the overall nMohanleal motion required of con- 
ventional spectrometere employing either rotating 
prisms or rateting grettnga, le. those that must rotate 
the prism or grating to select the wavslengthCs) 
measured by the detector. 

Referring now to Figure 3, another type of SUM 
90 employed In the SLM apectramater 7 of the pres- 
ent Invention may be a Dnear array of amall optical fib* 
ere 82 (arranged alde-by-slde) disposed to reoehre 
the dispersed spectrum Into one end (InleQ and pass 
their respecfNe discrete portions of the epectrum out 
at the other end (outlet) to a detector 10a In addition, 
each optical fiber contains an optlcai shutter (or 
switch) 93 between the inlet and outlet ends. The opt- 
ical ehuttere or switches 93 are normally dosed to 
block any radiation In their respective optlcd fiber 92 
from the detector 1 00, and are aetectfveiy opened to 
analyze the spectrum Incident on the array of ftbere. 
After the optical abutters 93, the optical flbere are 
twisted and aligned to focus their respective output 
radiation onto the detector 100. An array of small liq- 
uid crystal devices (LCDs) may be positioned in a par- 
anal aet of openings In the array of flbere and nnay be 
employed as the opUcai shuttere. The absorption wa- 
velength(s) of the type of optical fiber employed must 
be outside the wavelengths of the spectra of Interest 
For this embodiment, the SLM and fbcualng devloe of 
Figure 1 are combined Into one device. 

The spacing between the SUM 90 and the prism 
80 Is a function of the amount of dispersion of the 
prism (dispereion power) and the aerial extant of the 
active surface of the SLM. euch as the eize of the er- 
ray ofmlrrore on a DM0 devfee. More parflcularty, the 
epadng should be sudi that the totd apedrum of wa- 
velengtha desired to be analyzed exltfing fiom the 
prism falta upon the active surfece (or aurfacea) of the 
SLM device (or devices). As noted herebibefbre, a 
plurality of SLM*8 may be configured as an *extend- 
ed* SLM and employed to pravtds for Increased reso- 
lution. A typical size of a DMD mlrre»r la approximately 
12 microns by 12 microns, although other sb^s may 
be made and employed In the present Invention. Ao- 


oordlngty. depending upon the dtsperslng power of 
the prism and the prism to SLM epadng, a rslaflveV 
narrow band of wavetengtha wQl be fbouaed onto 
each adfvateble portion of an SUUTa active surfaces, 
a such as a row of DMD mirrors. 

Thus, a row of DMD mlmra aligned with the opt- 
ical axis (of the prism) may be sdedlvBty activated (or 
deadhmted) to cause the radiation Incident upon the 
mlrrore to bounce off the mbrore at an angle suff^ 

19 dent to cause the light to be passed to a focusing de- 
vice, which b preferably pcraboilo focusing mbtor. 
Other focusing devices, such as a lens, a system of 
lensea or optical fbera. may be employed in the SLM 
spedrometar of the present Invention. Again the fb- 

18 custng device and SLM may be combined. In turn, the 
parabdlo focualng mirror focuses the radiation firom 
the activated (or deactivated) surface or raw of mlr- 
rore onto a ssnsor or detector. This detector In turn 
msasures the htenslty or amount of energy In this 

20 partloutar wavelength or band of wavelengths. Any 
conventional spectrometer detedore ntay be em- 
ployed In the SLM epedrametsr of the present biven- 
tton. Pmfiarably, any detector employed la as linear as 
possible over as wide a wavelength range ae possi- 

25 bte, to provide a broadband spectrometer. However, 
Icnown nonlinear portions of a detector may be conv 
pensatsd for by post-detedfom software. 

Accordingly, by aeledlvety adhratlng (or deacti- 
vating) each row of ceOs across the face of the SLM. 

so It Is possible to nneasure the presence or absence of 
energy at particular wavelengths, corresponding to 
the wavelengths Incident upon the oeO array. In this 
manner It is possible to generate e epectrum of wa- 
velengths and the energy associated with those wa- 

as vdengths. Again, the SLM of the present Invention 
may be. for example, but not limited to, a deformable 
mirror devloe (DMD), a Dquld crystal device (LCD), or 
a magneto-optic modulator, and may employ a Hnear 
or aerial array of such types of devices. 

40 TheOMDIsuniquetysuttsdtothbbscauseofthe 
very small size of the DMD mirrors. It te possible to 
seled a very smaD portion of the radiation spectrum 
for Intensity measurement by the detector. Currently 
available DMDs have atlea8t512 by 512 arfays of ml- 

48 cromlrrars. Thus, the wavelength spectrum may be 
divided into at feast 512 n}ands* of wavelengths. In 
addition, a linear OMD having about 3.5 inches of ao- 
thre ntirrore b also oommerdaSy available. By In- 
creasing ordecreastng the 'number of active surface 

80 areas on an SLM (fbr a given wavelength spectrum 
and epadng). n fe possible to Increase or decrease 
the resotullon of the spectrometer of the present In- 
vention. The resohitton may thus be easily sdeded 
fbr speciflo applications or uses of the spectrometer. 

88 However, as noted earlier herein, it Is also possi- 
ble to seled the wavelength resdutlon of the spectr- 
ometer by eppropriato selection of the dispereing 
power of the dbpereing element and the spacing be- 
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twtm th« dlaperalng element and the SLM. In addi- 
tion, to IncreaM resdutlon. hloher ordere of tpoctra 
from tho dlapening element may be employed 8S ttw 
redlaflon apedra eupplled to the SLM. Proper seleo- 
tton of these vartebtet may IM made after the uae of 
apectromelsr (Le. wavelength range and reaohitton 
dealred) ts known. 

It te ftjTther bontsmptatad by the proaent Inven- 
tten to couple the ecth^atlon (or deactivation) of each 
of the rowa of mtrron with a mlcroproeeaaor (or pfoo- 
esaoO and to have the output of the sensor and/or d»- 
tactor d^tttzed OMnafisrably after ampllfloation) and 
provtded to the mlcroprocaasor. In this manner, a dig- 
ital specfirometsr la provided auoh that the mioropro- 
cesaor controls and analyzes the energy level at the 
vartous wavetengtha and provides as an output a wa- 
velength spectrum oorrsspondlng to that measured 
by the detector. The microprooessor may also expose 
the detector to the deatred wavelength for a fbced but 
adjustable period of time, dependtr^ upon the inten- 
sity of the radlatfon, to prtyvtde an approprlata slgnal- 
to-nolse ratio. 

Exlsthg commercial and laboratory spectromet- 
ers use a relath^ laige rotating ntirror (which vi- 
brates mechanlealV) to sweep the spectrum wave- 
lengtha across the sensor. The deftNtnabte mirror d»> 
vice, ae the prsfierPBd SLM of the present Invention, 
selects, with a vary small mirror, the wavelsngth or 
band of wavelengths to be presented to the sensor. 
In this manner the SLM spectrometer of the present 
Invention does not require any mechanical motion of 
the dispersing element to aetect the frequency to be 
scanned by the detector. More particularly, the SLM 
spectrometer of the present fnvenflon oriy has the 
electrical or mechanical movement of the acthrated 
(or deactivated) surface or cell of the SLM, which are 
prsferabty the mlcromlrnus on the OMD. Thus, the 
SLM spedrometer of the present Invention does not 
require motor driven mirrors or prisms wRh bearing 
surfaoes which wear and change the caflbraffon of 
the spectrometsr. In addftfon, the SLM spectrometer 
of the present Invention ts not sensHlve to such mech- 
anical vibration, since the dispersing element and 
SLM are fbced. Accordingly, the SLM spectrometer of 
the present Invention Is more sensitive (Ke., of higher 
resolutton) and more rugged than conventional 
spectrometara that employ motor driven rotating mir- 
rors, prisms, or gratings. 

In addmon, caltbratfon of the SLM spectrometer 
of the present Invention Is performed by a fbced align- 
mem of the various components. Other spectromet- 
ers require that moving parts be timed and/or tracked 
to know what wavelarigth (or firaquency) ts being 
nteasured. The SLM spectrometer of the present In- 
vention does not requfre pertodio alignment of the 
spectrometer based upon such timing circuitry. It also 
has the capabfllty to have its adjustments nocksd-in* 
to reduce any chance of mlsal^nment due to vtbra- 


tkms.AddBlonaily, the spectrometsr Is not required to 
be recalibrated due to the wear of movbig parts. That 
Is. the SLM spedrometar of the present invention 
may be callbrBted. locked in plaoe, end seated. 
6 Aa Is weli known In the art varfous materials may 
be identtfled by the frequencies of the visible and 
near visible light th^ they abscrt». Ths composttkm of 
oomplax materials may be predicted by oomparing 
the spectra from known aamplea to the spectra of un- 
known samples. Nondestnicthre analysis of the conv 
poattkm of materials may be performed using e 
spectrometer of the pressnt inventkm which is cspa- 
ble of measuring visible and naarvlalble light 

The data from a dlgitai spectrometsr of the pres- 
ent Invention may be employed as an Input by a proc- 
ess control computer and the composition of the ma- 
terial prsdictad and contnotled t>ased upon this tfiput 
Spectrum anatyzers employing the concepts of 
the present invention may be implemented torany iire- 
quency range which Is rsflected or transmitted by the 
selected SLM device and forwhioh a suitable sensor 
may be employed. 

In addifion, post-detection aoftware tn a proces- 
sor essodated with the spedrometer or a separata 
processor may employ spedaltzad software to ana- 
lyze the detected tntensiUea vereua wavelangth. 
Such aoftware may be so-called Hadamard software, 
which determines the wavelength content from vari- 
ous hatf-intansKy measurements. That la half of the 
SLM Is *adlv8tad" and suppllea radiatkm to the detec- 
tor, then the other half ts adlvatad. Then comblna- 
tkme erf two quartere are adfvatsd, then combinatk)rts 
of four eights, and sooa Software may also be em- 
pk)yed to compensate for known nor>4Inear respona- 
es from the detsdor* 

The SLM spedrometer of the present Inventton 
may be emptcyed as a coloronMtsr. with or without a 
processor and post-detection softwsre. Coloromet- 
era are used to monitor the color of food products to 
ensure a uniform odor for the consumer. Post- 
detection software may also be employed to convert 
any detected spectra Into spectra corresponding to 
that seen by the human eye. 

An Uifrsrsd SLM spedrometer of the present In- 
vention may be partlcuiariy useftil for detedfon of wa- 
ter content in vartous substances or compounds. For 
IR applications, the active aurfaoe of any reflective 
SLM device may need to be Increased slightly to com- 
pensate for the longer IR wavelengths. 

Referring now to Figure 4 there may be seen a 
general arrangenraht of an SLM spedrometer of the 
present invsntfon employed to anatyza a aample In a 
transmlssive mode. Mcve partlcuiariy, ft may bo seen 
that there is a broad band wavelength lan^ 400 
whteh emits a known wavelength spectra of known in- 
tsnslty which passes through the eampie 410 to be 
analyzed. Such lamps 400 are commerdally avaBabIa 
and are typIcaOy incandescent lamps containing a 
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particidar oas or mtxtura of gases. V\6 redtaOon 
omanattng ftom the sample 41 0 Is than focused by an 
sntrenoe slit 420 of the 8LM speotrameterof the pres- 
ent Invention onto the fNfsm 430 after which It Is ana- 
lyzed tn the ntanner descrfbed earlier herein. s 

Referring now to Figure 8 there may be seen e 
general arrangement of an 8LM spectrometer of the 
present Invention employed to analyze a sample In a 
reflecflve mode. More partteularly. tt may be seen 
that there Is again a lamp 600 provMlng a known 
broad band spectrum of known Intensity which is re- 
flected from a sample 510. The radiation renected 
firom the sample 510 Is then focused by an entrance 
sltt 520 onto the SLM spectrometer of the present In- 
vention where [t Is analyzed as described hereinbe- 
fore. 

Many other variations and modfflcatlons may be 
made In the apparatus and techniques hereinbefore 
described, by those having experience In this tech- 
nology, without departing fam the concept of the 
praserit Invention. Accordingly, tt should be dearly' 
understood that the apparatus depicted In the accom- 
panying drowfnga and referred to In the foregoing d&> 
scrlptton are ffluetrattva only and are not Intended as 
Ilmftatlons on the scope of the Invention. 


Claims 

1. A spectrometer comprtsing: 

a) a dispersing element for spectrally dtopera- 
Ing radiation from a light eource; 

b) a spatial light modulator positioned to re- 
C6bfQ at least a portion of the dispersed speo* 
trum from said dtsper^ng element; and 

c) 8 detector for sensing the Intensity of ener- 
gy In a wavelength determined by eaid spatial 
l^ht modulator. 

2. The epectrometer of dalm 1, ftirther comprising 
a collimator. 

3. The epectrometer of daim 1 or dabn 2, Airther 
comprising an entrance silt 

4. The spectrometer of any preceding dalm, where- 
in aald spattal light modulator may dh^de the dls- 
persed spectrum Into st least 51 2 bands of wave- 
lengths. 

5. The apectronteter of any prscedtngctatm, further 
comprtsing a processor and wherein rows of said 
spattal nght modulators may be ecthraM and de- 
activated by the prooessoi; 

6. The spectrometer of dalm 5 and further compris- 
ing a digitizer for receiving the output of said de- 
tector and providing a digitized for said processor 


by which the processor may activate and deacti- 
vate the rows of spattal Dght modulators In re- 
sponss to said digitized output 

7. The Bpodrotneter of any preceding daiin,fiirther 
comprlslnfl a fboustng devlos for directbig radia- 
tion form eald spatial tight nwdiriators onto a pre- 
selected fbcal plane oolnddsnt with said detec- 
tor. 

8. The spectrometer of datm 7. wherein said focus- 
ing device comprises a mirror. 

9. The spectrometer of dah) 7, wherein said focus- 
hig device comprises a tena. 

1 0. The spectromstsr of any preceding dalm, where- 
in the dispersing elementa comprises s prism. 

11. The spedrometer of any preoedng dalm, where- 
in the spattal light modulator comprises a defbrm- 
ablsndrrar device. 

12. A method of analysing I^ the method compris- 
ing the steps dt 

s) mumtnattng e eample to be analysed wfth 
light; 

b) spectrally disperaing light from said sanv 
Ple; 

c) posRtonIng a apatlal light ntodutator to re- 
ceive at least a portion of the eelected order 
of wavelength of said apecirum; 

d) modulating saTd portion of the sdected or- 
der of wavelength of said spectrum to dlred 
a desired Ikequency band onto a detector 

e) detecting the Intensity of energy tn eald fire- 
quency band. 

ISw The method of datm 12 and further comprising 
the steps ofi 

s) digltbing said detected Intonslty; 

b) recslying at a proceesor said digitized In- 
tonsfty; 

c) analysing said recehred digitized Intensity; 
and 

d) activating and deacth^ng rows of said 
spatial light modulatore In rssponse to said 
analysis. 
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